Background: The rapid increase in non-communicable chronic diseases in people of working age has had a major effect on health care utilization, productivity and economy. Lifestyle and diet are recognized as being major risk determinants involved. Disease prevention strategies need to be based on people's understanding of nutritional knowledge, attitudes and practice. This study evaluates the validity of a new nutritional knowledge and practice questionnaire specifically developed for assessing individuals of working age in a Thai population. Methods: The questionnaire was constructed and based on previous relevant literature and its content validity was scrutinized by an expert panel. An exploratory factor analysis (EFA) was performed to reduce the number of questions included. Subsequently, data from a cross-sectional study of 1,032 participants were used to evaluate the reliability and validity of this questionnaire. The validity of the questionnaire constructed for assessing knowledge and attitude was evaluated using Confirmatory Factor Analysis (CFA). For the practice component, set criteria were applied to determine the final variables used. Results: CFA of the nutritional knowledge component suggested that all the variables in the model fitted with the data (χ 2 = 80.17, df = 66, p > 0.05, CFI = 0.99, RMSEA = 0.01, SRMR = 0.02). The CFA final model for the nutritional knowledge included three factors (food recommendation, nutrients related to diseases, and healthy diet) with a total of 14 questions. For nutrition attitude, CFA also revealed a good fit (χ 2 = 178.14, df = 93, p < 0.001, CFI = 0.99, RMSEA = 0.03, SRMR = 0.03). The final CFA model for nutritional attitude included three factors (food choice, healthy diet and food recommendation) with a total of 16 questions. For practice items, the number of questions was reduced from 76 to 60.
Background
Changes in society and the global economy during the past two to three decades have resulted in significant changes in the nutritional status and health of populations, particularly in developing countries [1] . Thailand is no exception; this country has undergone significant social and economic changes since 1997 [2] . These changes have led to the increasing introduction of a western lifestyle where Thai people consume higher fat foods and "fast-foods" together with an increasing consumption of a less healthy diet and a more sedentary lifestyle [1] . These are major causes of non-communicable diseases (NCDs) such as cardiovascular disease, osteoporosis, and diabetes [3] [4] [5] . Thus changes in society have led to subsequent changes in disease prevalence; reciprocally, increases in chronic disease prevalence then changes society further [6] .
Level of educational attainment is one of a number of factors that influence nutritional knowledge. Furthermore, nutritional knowledge and attitude are correlated with each other and both play key roles in influencing nutritional behavior [7] . Given a changing and increasing trend of western lifestyle in Thailand, it is important to gain a clear insight into the population-based knowledge of diet and the changing patterns of behavior, both increasing risk of chronic disease development, especially in those of working age [4] . This knowledge will facilitate the introduction of interventions that prevent or reduce future disease development. Epidemiological studies into the relationship between chronic disease development and nutritional risk exposures can only be achieved through the appropriate collection of robust information on the factors that determine our knowledge, attitudes, practices and preferences relating to food and nutrition. Such data can only be generated by the development of appropriate questionnaires and these have to be validated and assessed within the social context of the populations they are designed for. This study evaluates a questionnaire specifically constructed to assess nutritional knowledge, attitude, and practice in a working Thai population.
Methods

Study design
This study was conducted using a cross-sectional approach. Study approval was gained from the Ethical Review Committee for Human Research, Faculty of Public Health, Mahidol University, Thailand (COA. No. MUPH 2014-189). Data were collected using the nutritional knowledge and practice self-administered questionnaire for the period from October 2015 to September 2016.
Participants were recruited from the Northern, Southern, Northeastern and Central regions of Thailand between January and September of 2015. The criteria for study inclusion were (i) Thai nationality (ii) living in a selected area for a minimum of 3 months (iii) being aged between 18 and 60 years (iv) ability to read and write Thai (v) being in good health and not affected with diseases such as cancer and cardiovascular disease (vi) giving informed consent.
Questionnaire development
Prior to this study, a nutritional knowledge and practice questionnaire was developed by combining a trawl of relevant information in peer-reviewed published literature with that gained from discussion with an expert panel. The initial questionnaire list of 131 questions/ items aimed at measuring nutritional knowledge, attitude and practice in Thai people working age. The knowledge component comprised multiple-choice questions, each with 4 answers. Correct answers scored one point and incorrect answers zero points. All answers reported as 'don't know' were coded as incorrect. For the "attitude" component a 5-point scale ranging from 1 (strongly disagree) to 5 (strongly agree) was used. A Likert scale was used to quantify the results of "attitude". For "nutritional practice" (P), the response scale was classified as: seldom eaten (0-1 days/week), often eaten (2-3 days/week) and always eaten (4-7 days/week).
Validation process
Prior to the validity process, Exploratory Factor Analysis (EFA) was employed to both identify important factors and to selectively reduce the number of items in the questionnaire. The process of questionnaire development is depicted in the flow chart (see Additional file 1: Figure S1 ). Results from EFA were used to derive a subsequent version of the questionnaire (see Additional file 2: Table S1 and S2). In this article, we present results from data collected using the refined version of the questionnaire after EFA analysis. Data were collected from 1080 subjects residing in the Northern, Northeast, Southern, and Central regions of Thailand. The participants' weight and height were also measured. Body mass index was computed and classified into 4 categories according to World Health Organization recommendation on body-mass index (BMI) cut-off points for determining overweight and obesity in Asian populations [8, 9] . 48 subjects were excluded due to missing data. Data from 1032 subjects were included in the analysis.
Data analysis
Descriptive statistics were used to summarize the demographic data. Confirmatory Factor Analysis (CFA) was used to evaluate and confirm the factorial structure of nutritional knowledge and attitude collected using the questionnaire. CFA is a technique used to evaluate the level of fit of the data to the specific, theory-derived measurement model where items contribute load only to the factors they were designed to measure [10] . Furthermore, these factors should be correlated. Finally, errors across variables should be uncorrelated. It is noted that smaller factor loadings result in larger error variances, however this can be improved by re-specification of the model. To estimate the parameters of the model, the model itself must be properly defined. "Goodness-of-fit" measures underlying the analysis of the CFA [11] , included chi-square (X 2 ) which shows the difference between observed and expected covariance matrices; values closer to zero indicate a better fit. Researchers may fail to reject an inappropriate model where sample sizes are small and reject an appropriate model where sample sizes are large. Consequently, other measures of 'goodness of fit' have been developed. Comparative fit index (CFI) analyzes the model fit by examining the discrepancy between the data and the hypothesized model, while adjusting for the issues of sample size inherent in the chi-squared test of model fit, and the normed fit index. The standardized root-mean-square residual (SRMR) is the square root of the discrepancy between the sample covariance matrix and the model covariance matrix. The root mean square error of approximation (RMSEA) avoids issues due to sample size by analyzing the discrepancy between the hypothesized model, with optimally chosen parameter estimates, and the population covariance matrix. The accepted approach for assessing goodness of fit requires that the chi-square (X 2 ) analysis should have a non-significant p-value and a X 2 / df value that is at 3 or below. It is important to consider that the modified X 2 from re-specification is usually upwardly biased with sample size [12, 13] . The calculated value for CFI should lie between 0 and 1, with a value over 0.90 indicating a good fit. A value for SRMR should be at 0.08 or below. RMSEA values of approximately 0.06 or below indicates an acceptable fit, with values 0.05 or less, indicating good fit [14] . If the analysis indicated a possible data-model misfit, model modification was applied. This modification involved further re-specification by (i) adding a parameter in the model with a large modification index (MI) and (ii) deleting a parameter from the model with a non-significant path.
For the "practice component", the items included were based on a food frequency questionnaire (FFQ) [15] . The criteria used to exclude food items included: (i) food items deemed as being seasonal food, (ii) any food item that was consumed in less than 60% of our subjects, (iii) food items that had never been consumed by study subjects. This process was used to reduce and refine of items included.
Results
Demographic characteristic
Demographic characteristic of the population sample are summarized in Table 1 . 1,032 out of 1,080 participants completed the nutritional knowledge and practice questionnaire, (response rate 95.6%). Most of participants were female (62%), married (59.5%) and had attained an undergraduate university degree or higher (51.2%). The participants' age ranged from 18 to 62 years with a mean age of 38 years. For BMI, 21.5% of subjects were classified as overweight, 22.3% were class I obese and 2.8% were class II obese.
CFA results for nutritional knowledge
The initial fitted hypothesized model (3 factors; food recommendation, nutrient related to diseases and healthy diet, with a total of 31 items) suggested a model misfit Fig. 1 Standardized estimated factor items loading, error variances for nutritional knowledge 3 factors, 31 items Legend: A = basic nutritional knowledge, B = food based dietary guidelines, C = diet related disease knowledge (χ 2 )3178.83, df = 434, p-value = 0.000, CFI = 0.59, RMSEA = 0.08 and SRMR =0.14 with χ 2 /df = 7.32, (Fig. 1) . The modification indices (MIs) showed the expected parameter change statistics for each item. The model was re-specified and eventually 9 items with a low factor item loading from three factors were excluded. To ensure the model fitted well, covariance values were also added. The final CFA model for "nutritional knowledge" was composed of three factors (food recommendation, nutrient related to diseases and healthy diet) with a total of 14 items. Parameter estimation results after model modification revealed a good fit for the model as indicated by a reduced chi-square value (from 465.5 to 80.2 with 66 degrees of freedom, p-value> 0.05). The value of CFI, RMSEA and SRMR were 0.99, 0.01 and 
CFA results for nutritional attitude
The first hypothesized model consisted of 3 factors (food choice, healthy diet and food recommendation with a total of 40 items), revealed a χ 2 value of 5503.0, df = 740, p-value = 0.000, CFI = 0.75, RMSEA = 0.08 and SRMR = 0.11 with χ 2 /df = 7.4 (Fig. 3 ). The initial model did not fit the sample data. Fifteen items were excluded due to low factor item loading. Any non-significant paths from the three factors were also deleted. Covariance values were added. This procedure significantly improved the model. The final CFA model for the nutritional attitude was composed of three factors (food choice, healthy diet and food recommendation with a total of 16 items). The Chi-square value was reduced from 801.1 to 178.1 with 93 degrees of freedom. The three factor model failed to achieve an exact fit (χ 2 /df = 1.9, p < 0.05). An acceptable fit was indicated by CFI, RMSEA and SRMR values (0.99, 0.03 and 0.03, respectively) [16] . All of the standardized factor loadings were greater than 0.4. The parameter estimates of the CFA are shown in Fig. 4 .
The results of nutritional practice (FFQ)
The process of model refinement reduced the food items (practice) from the original 76 to 60 items, including 6 items on milk and dairy products, 7 items on rice, 10 items on meat and products, 4 items on vegetables, 4 items on fruits, 5 items on cereal, 2 items on dessert, 6 items on beverages, 3 items on fats, 13 items on miscellaneous ( Table 2 ).
Discussion
Previous studies both in Europe and China have assessed nutritional knowledge, attitude and eating behavior using local inventory questionnaires [17, 18] . These studies have focused mainly on either the nutritional knowledge, attitudes and practices of undergraduate students or of elderly populations. In Thailand, previous studies have developed nutritional knowledge attitude and practice questionnaires for specific age groups such as children and the elderly [19, 20] however none has reported instrument validation process. This study has developed and evaluated the construct validity of the Thai adult nutritional knowledge, attitude and practice questionnaire for just such purposes. Measuring nutritional knowledge, attitude and practice in adults is challenging as an appropriate questionnaire has not been available. Other research instruments that exist are well established but are unlikely to be appropriate for Thais [21] [22] [23] . The nutritional knowledge attitude and practice questionnaire has social and cultural features that should be considered in a number of dimensions. To obtain information on nutritional behavior in any population, the instrument should include questions related to knowledge and attitudes related to food consumption and practice [24] .
Confirmatory factor analysis can be used to verify the structure of a set of observed variables in order to determine whether the extracted items show acceptable fit for the data collected. Cut-off points of model fit criteria can be set and used to determine acceptable values for the model of nutritional knowledge [25] [26] [27] . CFA is often used to confirm hypotheses and uses pathway analysis diagrams to represent variables and factors [28] . In this study, the CFA results helped evaluate the nutritional attitude structure of the questionnaire. The model showed an acceptable fit with indices close to the nominal value. The CFA results for attitude, however, initially failed to fit the collected data as demonstrated by the highly significant Chi-square test for goodness of fit. It has been suggested that this test is overly sensitive to sample size [13, 25, 26] . The highly significant goodness of fit test may have been affected by the external factors such as sample size, the number of parameters and the degrees of freedom to sample size ratio [13, 29] . Nevertheless, the other indices suggested an acceptable fit. It was concluded that the nutritional knowledge and attitude components of the questionnaire yielded logical construct validity. With regard to nutritional practice, we applied the food frequency questionnaire to evaluate eating behavior. The food items reported in the FFQ were covered by five food groups and dietary guidelines for Thais [30] . We applied 3 criteria to reduce the number of items. The remaining items are those normally consumed by Thai people.
Our current study still has some limitations as we did not stratify our analysis by gender as a variable. Males and females may potentially display different knowledge and attitudes to nutrition. Future studies should investigate this in Thai adults using the nutritional knowledge and practice questionnaire. Furthermore the age range for the adult working population is relatively broad and within this range some variation on attitude and knowledge relating to nutrition may also exist.
Conclusion
This study demonstrates that final version of the questionnaire has acceptable levels of constructed validity and can be used to assess nutritional knowledge, attitude and practice in a general adult working population of Thais. This questionnaire can be further modified for use in neighboring countries in the region that share a similar culture.
This questionnaire can also be used to identify gaps in the public's nutritional knowledge and to evaluate the success of public health education campaigns and nutritional interventions. It can also identify nutritional knowledge and practice determinants associated with diseases risk.
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